E
sophageal cancer remains a global concern because of its increasing incidence and persistently poor survival rates (1, 2) . It poses a bigger threat to less-developed regions and to men. Both alcohol consumption and tobacco smoking are well-established causes of esophageal squamous cell cancer (ESCC) (3), the most common histologic subtype globally (2) . Limited evidence suggests that the risk for ESCC decreases with greater intake of vegetables and fruits and an increase in physical activity and rises with higher consumption of processed meat (3) .
Tea, one of the most common beverages worldwide, usually is consumed at elevated temperatures. Existing evidence remains inconclusive regarding whether hot tea drinking is associated with esophageal cancer risk. Although several studies have demonstrated inhibitory effects of tea against tumorigenesis in the digestive tract (4) , chronic thermal injury to the esophageal mucosa may initiate carcinogenesis. The International Agency for Research on Cancer recently classified the intake of scalding beverages (>65°C) as "probably carcinogenic to humans" (3, 5) . A few epidemiologic studies addressed the association between esophageal cancer and tea drinking with regard to frequency, amount consumed, or tea temperature, with substantially conflicting results (6 -12) . Except for a few prospective investigations with limited incident cases (13) (14) (15) (16) , the vast majority of studies followed a casecontrol design. Such studies are particularly vulnerable to several biases, including recall bias and reverse causality due to participants changing their drinking habits after symptoms develop or they receive an esophageal cancer diagnosis.
China is among the countries with the highest incidence of esophageal cancer. Tea drinkers, especially Chinese men, are more likely to smoke and to drink alcohol. Tobacco smoking and alcohol consumption, as well as the chemical compounds and adverse thermal effect of hot tea, considerably complicate the association between tea drinking and esophageal cancer risk. In the China Kadoorie Biobank (CKB) study of 0.5 mil-lion adults, we prospectively examined the joint association of tea-drinking metrics, especially beverage temperature, and the established risk factors of smoking and alcohol consumption with esophageal cancer risk.
METHODS

Study Population
The CKB cohort was established in 10 study regions throughout China, including 5 urban and 5 rural areas. From 2004 to 2008, the study enrolled 512 891 adults aged 30 to 79 years with valid baseline data, including a completed questionnaire, physical measurements, and written informed consent. Trained staff entered baseline information directly into a laptopbased data entry system developed with built-in functions to avoid missing items and to minimize logic errors during the interview. A more detailed description is available elsewhere (17, 18 For the present analysis, we excluded persons with previously diagnosed cancer (n = 2577) and those who had missing data for body mass index (n = 2) or were lost to follow-up shortly after baseline (n = 1). To avoid potential reverse causality, we further excluded persons who reduced their tea (n = 11 578) or alcohol (n = 20 952) intake from at least weekly to less than weekly and former smokers (n = 30 563) who had stopped smoking 6 or more months ago. The final analysis included 456 155 participants.
Assessment of Tea Consumption
Our baseline questionnaire asked participants to report their usual frequency of tea drinking (never, only occasionally, only at certain seasons, monthly but less than weekly, or at least once a week) during the past 12 months. Those who drank tea less than weekly were asked whether they had ever consumed tea weekly for at least 1 year. Participants who reported weekly consumption were asked how many days in a typical week they drank tea (1 to 2, 3 to 5, or 6 to 7 days), how many (300-mL) cups they consumed in 1 drinking day, the volume of tea leaves (in grams) they added each time, how many times they changed the leaves in 1 drinking day, the type of tea they drank most commonly (for example, green, oolong, or black tea), the usual temperature of the tea (room temperature or warm, hot, or burning hot), and the age at which they started drinking tea weekly. We provided the participants with a pictorial guide showing a standard-sized cup and different quantities of tea leaves in grams. The quantity of leaves added in 1 drinking day was calculated by multiplying the weight (in grams) of the leaves added each time by 
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Hot Tea, Alcohol, and Tobacco on the Risk for Esophageal Cancer the number of times the leaves were changed. Among 4405 weekly tea drinkers who completed the same questionnaire twice, at an average interval of 2.6 years between the baseline and subsequent survey (17) , the Spearman correlation coefficient was 0.35 for tea temperature preference, 0.53 for cups of tea consumed, and 0.63 for tea leaves added.
Assessment of Tobacco Smoking, Alcohol Consumption, and Other Covariates
We asked ever-smokers how many times a day they smoked, along with the type and amount of tobacco used (in cigarettes or an equivalent amount of tobacco: 1 cigarette = 1 g of tobacco = 0.5 cigars) (19); we asked former smokers how long it had been since they quit. Participants who reported that they had stopped smoking less than 6 months earlier were considered current smokers and included in the present analysis. We asked participants who used alcohol at least once a week in the past 12 months how often they typically drank, the type of alcoholic beverages they consumed habitually, and the amount of alcohol they consumed on a typical drinking day. On the basis of this information, we calculated pure alcohol intake in grams on a typical drinking day (20) . We also asked participants who drank alcohol less than weekly whether they had ever consumed alcohol weekly for at least 1 year.
The baseline questionnaire also included other covariates, such as sociodemographic characteristics (age, sex, education, marital status, and household income), lifestyle behaviors (physical activity and intakes of red meat, fresh fruits and vegetables, and preserved vegetables), menopausal status (for women), and family history of cancer. Trained staff measured weight and height using calibrated instruments.
Ascertainment of Esophageal Cancer Cases
We ascertained incident esophageal cancer cases among participants from the time they enrolled in the study by linking to local disease and death registries and to the national health insurance system, as well as by active follow-up (17) . Trained staff, blinded to the baseline information, coded all cases using the International Classification of Diseases, 10th Revision. For the present analysis, esophageal cancer cases were defined by code C15. In the CKB study, retrieval of medical records from participants with incident cases is ongoing. Trained staff review medical records for diagnosis validation and collect additional clinical information, such as pathology subtype. So far, we retrieved medical records pertaining to 870 esophageal cancer cases reported during follow-up; of these cases, 843 (96.9%) were confirmed as esophageal cancer, 569 (65.4%) of which had pathology reports. After 37 cases with "unknown" subtype were excluded, 91.9% of the cases (489 of 532) were ESCC.
Statistical Analysis
We calculated person-years at risk from the baseline date to diagnosis of esophageal cancer, death, loss to follow-up, or 31 December 2015, whichever occurred first. In the CKB study, loss to follow-up refers to participants who moved their permanent registered residence out of the jurisdiction of the Regional Coor- HR = hazard ratio; PY = person-year. * Calculated by assigning consecutive integers to 5 tea consumption categories. † Restricted to daily tea consumers and calculated by assigning consecutive integers to 3 tea consumption categories. ‡ Multivariable model was adjusted for age (in years); sex (male or female); education (no formal school, primary school, middle school, high school, or college or university or higher); marital status (married, widowed, divorced/separated, or never married); household income (<2500, 2500 -4999, 5000 -9999, 10 000 -19 999, 20 000 -34 999, or ≥35 000 Chinese renminbi/y); physical activity (metabolic equivalent of task-hours daily); intake of red meat, fresh fruits and vegetables, and preserved vegetables (in days per week, calculated by assigning participants to the midpoint of their intake category); body mass index (kg/m 2 ); family history of cancer (presence or absence); and tobacco smoking (nonsmokers or current smokers of 1-9, 10 -19, 20 -29, or ≥30 cigarettes or equivalents per day). § Calculated within strata of alcohol consumption, with participants who consumed tea less than weekly as the reference category. ͉͉ Calculated with participants who consumed tea less than weekly and consumed <15 g/d of pure alcohol as the reference category.
Hot Tea, Alcohol, and Tobacco on the Risk for Esophageal Cancer ORIGINAL RESEARCH dinating Center. By 31 December 2015, of the 512 891 participants, 37 289 (7.3%) had died and 4875 (<1%) were lost to follow-up. We used a Cox proportional hazards model to estimate the hazard ratio (HR) and 95% CI, with age as the underlying time scale and stratified jointly by 10 study areas and age at baseline in 5-year intervals. A test and graph based on Schoenfeld residuals showed that the proportional hazards assumption was satisfied.
Multivariable models were adjusted for age; sex; education; marital status; household income; tobacco smoking; alcohol consumption; physical activity; intakes of red meat, fresh fruits and vegetables, and preserved vegetables; body mass index; family history of cancer; and menopausal status (for women). Forty women had missing data for menopausal status; we included an indicator for the missing-data category. No data were missing for the other variables. We tested the linear trend of esophageal cancer risk across various metrics of tea consumption by modeling the levels of ordered categorical variables as a continuous variable in a separate model.
We examined whether the association between tea temperature preference and esophageal cancer risk differed by tobacco smoking or alcohol consumption. We tested multiplicative interaction by using a likelihood ratio test comparing models with and without cross-product terms. We also plotted the covariateadjusted cumulative incidences of esophageal cancer on the basis of the Cox model for participants with different combinations of tea-drinking temperature, tobacco use, and alcohol consumption separately, accounting for death as a competing risk. Specifically, after fitting the competing risks regression model (stcrreg procedure), we used the stcurve procedure for plotting (21) .
We performed all statistical analyses using Stata, version 14.2 (StataCorp).
Role of the Funding Source
The funders had no role in the study design, data collection, data analysis and interpretation, writing of the report, or decision to submit the manuscript for publication.
RESULTS
Participants in the present analysis had a mean age of 50.9 ± 10.5 years. Of 456 155 participants, 42.1% of the men and 16.1% of the women drank tea daily. Both men and women who reported preferring burning-hot tea were more likely to be current smokers, consume alcohol daily, drink more cups of tea, and add more tea leaves per day (Supplement Table 1 , available at Annals.org).
Tea Temperature Preference, Other Metrics of Tea Consumption, and Esophageal Cancer
During a median follow-up of 9.2 years (4.1 million person-years), we documented 1106 incident esophageal cancer cases in men and 625 in women. In the multivariable-adjusted model of the male participants, daily tea consumption was associated with increased esophageal cancer risk, with greater risk seen in those who said they preferred hotter tea ( Table 1 ). The association exhibited a clear attenuation after further adjustment for tobacco smoking and alcohol consumption. 
ORIGINAL RESEARCH Hot Tea, Alcohol, and Tobacco on the Risk for Esophageal Cancer
Compared with men who drank tea less than weekly, the HRs for esophageal cancer were 1.17 (95% CI, 0.91 to 1.50), 1.30 (CI, 1.05 to 1.59), and 1.55 (CI, 1.19 to 2.02) for daily tea drinkers who preferred their beverage warm, hot, and burning hot, respectively. No statistically significant association was found between tea temperature and esophageal cancer in women (P < 0.001 for interaction with sex).
We also observed a statistically significant increase in men's esophageal cancer risk with more cups of tea consumed, more tea leaves added, a longer duration of tea consumption, and green tea drinking (all P < 0.001 for interaction with sex) (Supplement Tables 2 to 5, available at Annals.org). Information on various metrics of tea consumption was available only for regular tea drinkers; therefore, we made further adjustments for tea temperature preference and other metrics of tea consumption mutually among men who drank tea daily. After we mutually adjusted the metrics for one another, we found no statistically significant association between the number of cups consumed per day, volume of tea leaves added, duration of tea drinking, type of tea consumed, or beverage temperature and the risk for esophageal cancer in men who drank tea daily (Supplement Table 6 , available at Annals.org).
Association of Tea Temperature Preference and Alcohol Consumption or Smoking With Esophageal Cancer Risk
We observed important differences in the association between tea temperature preference and esophageal cancer risk across the stratum for alcohol consumption (P < 0.001 for interaction) ( Table 2 ) or tobacco smoking (P = 0.001 for interaction) ( Table 3) , with a stronger association in participants who drank 15 g or more of alcohol per day and in current smokers. Compared with participants who consumed tea less than weekly and drank less than 15 g of alcohol daily, those who drank burning-hot tea and 15 g or more of alcohol per day had the greatest risk for esophageal cancer (HR, 5.00 [CI, 3.64 to 6.88]). Likewise, the HR for current smokers who drank burning-hot tea daily was 2.03 (CI, 1.55 to 2.67). Nonsmokers who drank tea less than daily and alcohol less than daily or drank fewer than 15 g of alcohol per day were the reference group. The multivariable model was adjusted for age; sex; study area; education; marital status; household income; physical activity; intakes of red meat, fresh fruits and vegetables, and preserved vegetables; body mass index; and family history of cancer.
Joint Association of Tea Temperature Preference, Alcohol Consumption, and Smoking With Esophageal Cancer
We further examined the joint association of the 3 factors (tea temperature, alcohol consumption, and smoking) on esophageal cancer risk. The Figure shows the adjusted cumulative incidences of esophageal cancer by combined categories of tea temperature, tobacco use, and alcohol consumption. In the absence of smoking and excessive alcohol consumption, daily tea drinking was not associated with an increased risk for esophageal cancer, regardless of tea temperature (Table 4) or other consumption metrics (Supplement Table 7, available at Annals.org). The esophageal cancer risk increased for daily tea drinkers who preferred hot or burning-hot tea in the presence of either smoking (HR, 1.56 [CI, 1.21 to 2.02]) or excessive alcohol consumption (HR, 2.27 [CI, 1.16 to 4.45]). The strongest association was seen in the combination of daily hightemperature tea drinking with both smoking and excessive alcohol consumption (HR, 5.01 [CI, 4.00 to 6.28]). Other metrics of tea drinking showed less clear patterns of joint association with smoking and excessive alcohol consumption.
Sensitivity Analysis (Data Not Shown)
The association between tea temperature preference and esophageal cancer risk persisted after exclusion of patients who received an esophageal cancer diagnosis during the first 2 (n = 339) or 4 (n = 706) years of follow-up. The results also did not change appreciably when we tried more comprehensive adjustments for tobacco use by using pack-years and for alcohol consumption by adding years of alcohol consumption. When we used competing risk regression to account for the competing risk for death, the subhazard ratios obtained in the competing risk regression were similar when compared with the HRs obtained in the Cox regression.
DISCUSSION
In this large prospective Chinese cohort, we found that the association between high-temperature tea drinking and esophageal cancer risk was dependent on alcohol and tobacco consumption. A synergistic association was found between hot tea drinking with excessive alcohol consumption or smoking and the risk for esophageal cancer. Participants who drank hightemperature tea, consumed alcohol excessively, and smoked had an esophageal cancer risk more than 5 times greater than those who had none of those 3 habits. However, in the absence of both excessive alcohol consumption and smoking, daily tea drinking was not associated with esophageal cancer risk, regardless of tea temperature or other consumption metrics.
A few prospective studies examined the association between esophageal cancer risk and the temperature (13) or amount (14 -16) of tea consumed and showed inconsistent findings. Several systematic reviews and meta-analyses of principally case-control studies suggested no clear pattern of association between the amount of tea consumed and esophageal cancer risk, although higher-temperature tea drinking has been associated with increased esophageal cancer risk (6 -12) . Previous studies also found an association between consumption of hot food and beverages and the risk for ESCC but not esophageal adenocarcinoma (12, 22) . In the current Chinese population, in which ESCC is the predominant histologic subtype, we observed that high-temperature tea drinking was prospectively associated with esophageal cancer risk in the presence of excessive alcohol consumption or smoking; however, we found no such association in the absence of both habits.
The synergistic effects of high-temperature tea drinking, excessive alcohol consumption, and tobacco use on esophageal cancer risk are biologically plausible. Research has suggested that thermal injury may (22) . The release of N-nitroso compounds, which are formed as a result of inflammatory processes associated with chronic thermal irritation of the esophageal mucosa, also may contribute to esophageal cancer development (22, 23) . The mechanism for the joint association of hot tea drinking, excessive alcohol consumption, and tobacco use with esophageal cancer warrants further elucidation. Various tea-drinking metrics were interrelated in the population studied, making it difficult to identify the most relevant metric in relation to esophageal cancer risk. The present study found evidence of increased esophageal cancer risk with higher tea temperatures. Additional studies are needed to confirm our findings.
In contrast to the strong and relatively consistent evidence from experimental studies showing potential anticarcinogenic properties of bioactive compounds in tea (4), results from epidemiologic studies have not convincingly demonstrated that tea drinking has preventive effects against esophageal cancer in humans (6 -12) . Most of the inverse associations between tea drinking and esophageal cancer risk were found in case-control studies in East Asian countries, especially China. The protective effects of tea drinking, if any, on esophageal cancer development were thought to be overshadowed by alcohol consumption and smoking as well as the thermal effect of hot tea (24) . However, in the present population, when we restricted our analyses to the subgroup of nonsmokers who were not heavy alcohol users, daily tea drinking, regardless of consumption metrics or tea type, was not associated with a decreased risk for esophageal cancer. In an early randomized controlled trial with 200 participants from Henan, China, decaffeinated green tea did not show a benefit in alleviating precancerous lesions or abnormal cell proliferation patterns after 11 years of follow-up (25) . A nested case-control study in a cohort of men from Shanghai also found no association between urinary biomarkers of tea polyphenol and the risk for esophageal cancer (26). The reason for the difference between the results from animal research and those from human studies with high-quality evidence is probably that humans were exposed to tea polyphenols at levels 1 to 2 orders of magnitude lower than those used in animal studies (4) .
To the best of our knowledge, this study is the first to provide compelling evidence of joint associations between high-temperature tea drinking with established risk factors of excessive alcohol and tobacco use and esophageal cancer risk. Strengths of the study include its prospective design, a population geographically spread across urban and rural China, and careful adjustment for potential confounders. To avoid reverse causality bias, we excluded persons who had reduced their consumption of tea, alcohol, or tobacco and, subsequently, participants who received an esophageal cancer diagnosis during the first several years of followup. The CKB study collected detailed information on several metrics of tea consumption, including frequency, amount, duration, type of tea, and qualitative gradation of tea temperature, allowing us to analyze them comprehensively and to mutually adjust them for one another.
Some limitations also warrant mention. Teadrinking patterns were self-reported and collected once, at baseline, although consumption habits may change over time. Nevertheless, misclassification of exposure may have been nondifferential with regard to subsequent disease status, attenuating our findings. Tea temperatures relied on qualitative self-report data and were not validated by actual measurement. We did not ask participants about sip size, which together with initial tea temperature, determines intraesophageal temperature (27) ; this may have led to differences in subjective perception of temperature. Obtaining a valid and reliable estimate of the temperature at which study participants typically drink tea is a challenge for most epidemiologic research. The present study lacked information regarding the histologic subtype of each esophageal cancer case. However, ESCC accounts for more than 90% of the subset of esophageal cancer cases documented in the CKB study population as well as in China (28) . Hot tea drinking may be correlated with a preference for consuming other beverages and foods at high temperature, but we did not collect this information or adjust for it in our analyses. Thus, thermal injury from other beverages and foods may have contributed to the observed associations. Despite the large sample size, few women in the CKB cohort smoked or drank alcohol, leading to wide CIs for the effect estimates and inconclusive results for women and precluding further sex-specific joint analysis of relevant factors. In addition, when we further examined the 3-way associations-that is, the association among tea temperature, alcohol consumption, and tobacco smoking and tea temperature, frequency of tea drinking per day, and alcohol consumption (or tobacco smoking)-the cases were too small to obtain reliable effect estimates for the 3 categories of tea temperature.
Our findings show a noticeable increase in esophageal cancer risk associated with a combination of high-temperature tea drinking, excessive alcohol consumption, and tobacco smoking. They suggest that abstaining from hot tea might be beneficial for preventing esophageal cancer in persons who drink alcohol excessively or smoke. More prospective studies are warranted to confirm the interactions observed in this study. Studies that directly measure tea temperature are particularly encouraged.
